1. Introduction {#sec0005}
===============

Embryonal sarcomas of the liver (ESL) are extremely rare in children, with an incidence of 1 in 1.000.000, even less in adults. Most common types of soft tissue sarcomas are rhabdomyosarcoma (57 %), neuroectodermal (10 %) and synovial tumors (8 %). Of primary liver tumors in children, the hepatoblastoma and the hepatocellular carcinoma are the most common, followed by the focal nodular hyperplasia and then the embryonal sarcoma. The undifferentiated embryonal sarcoma of the liver (UESL), firstly identified as an independent clinicopathologic type of sarcoma in 1978, is seen in about 2 % \[[@bib0005], [@bib0010], [@bib0015]\]. Typically, there is no pre-existing liver disease. Less than 70 cases of UESL were reported in adults till 2008 \[[@bib0020]\]. Definitive diagnosis and the concept of treatment can only be established after histological confirmation. The only documented curative treatment is margin-free radical surgical resection, conjoined with neoadjuvant therapy if oncologically necessary \[[@bib0025]\].

The Associating Liver Partition and Portal Vein Ligation for Staged Hepatectomy (ALPPS) is a two-stage hepatectomy with an extensive regenerative response. The procedure provides the possibility of resecting a liver tumor leaving an otherwise insufficient future liver remnant (FLR) for an one-staged operation by inducing liver hypertrophy via a two-step approach \[[@bib0030], [@bib0035], [@bib0040]\].

Purpose of this case report is to show the efficacy of ALPPS as an established method to increase the resectability rate and the important role of intraoperative histological analysis. To our knowledge, we describe the first UESL treated with ALPPS.

This paper has been reported in line with the SCARE criteria \[[@bib0045]\].

2. Case report {#sec0010}
==============

A 19-year-old male patient presented with intermittent shoulder pain and a palpable mass in the right upper quadrant, causing abdominal discomfort. MRI-imaging revealed a hyper intense inhomogeneous mass located in the right lobe of the liver with an approximate size of 9,5 cm in diameter and five nodules in both lower lobes of the lung ([Fig. 1](#fig0005){ref-type="fig"}). The working diagnoses was a hepatic cyst/alveolar echinococcosis.Fig. 1Preoperative MRI shows a heterogenic tumor mass in the right liver lobe before chemotherapy. The lesion invades segment IVa and V-VIII. A: Coronal MRI B: Axial MRI.Fig. 1

Definitive diagnosis was made by biopsy of the pulmonary nodule of the left lower lobe, showing an undifferentiated pleomorphic embryonal sarcoma. The staging was cT2b cN0 cM1 (PUL), UICC IV, Intergroup Rhabdomyosarcoma Studies (IRS) stage 4. The multidisciplinary conference recommended neoadjuvant chemotherapy followed by a radical surgical resection.

Neoadjuvant chemotherapy was performed according to the Cooperative Soft Tissue Sarcoma Study Group (CWS-2014 guidance, treatment guidelines for soft tissue sarcoma and soft tissue tumors) for 13 weeks, with four cycles of CEVAIE. Primary tumor and pulmonary metastasis showed a good response and shrinking in restaging. The patient had normal liver laboratory values and a preoperative LiMAx of 479 μg/kg/h. A hemihepatectomy (right lobe + segment 4b) with a sFLR of 28,4 % of segments I-IVa was planned ([Fig. 3](#fig0015){ref-type="fig"}A). Intraoperatively, the liver parenchyma was firm and macroscopically a chemotherapy-associated liver damage was suspected. Therefore, we went for an intraoperative histopathological analysis of the parenchyma in fresh-frozen sections. This revealed cholestasis, beginning portal fibrosis and single cell necrosis ([Fig. 2](#fig0010){ref-type="fig"}). Additionally, invasion of not only the right, but also the middle hepatic vein was noted. Consequently, a FLR of 28 % combined with injured liver parenchyma seemed not to be adequate for a one-stage liver resection. To reduce the risk of a posthepatectomy liver failure, a hypertrophy concept was necessary. We decided to proceed with ALPPS for the induction of hypertrophy. A classical step I with a complete transection between segments I-IVa and IVb-VIII was done down to the vena cava. Intraoperative blood loss was 1.200 ml. No complications occurred and on POD 5 the patient was discharged with normal liver function.Fig. 2Histology of the liver parenchyma shows mild cholestasis (asterisk) and spotty necrosis (arrow).Fig. 2Fig. 3A: Volumetry before step I with 28,4 % sFLR (red section); B: Volumetry before Step II showing 57,3 % sFLR.Fig. 3

Nine days after step I, re-volumetry based on a CT scan revealed a sFLR of 57,3 % ([Fig. 3](#fig0015){ref-type="fig"}B). The following day, step-II was performed and the tumor-bearing liver part removed. [Fig. 4](#fig0020){ref-type="fig"} shows the intraoperative situs before and after resection. The specimen is shown in [Fig. 5](#fig0025){ref-type="fig"}. LiMAx test on POD 1 was 269 μg/kg/h, presenting a sufficient liver function of the remnant.Fig. 4A: Intraoperative situs during step II showing the parenchymal splitting line and left-lobe-hypertrophy induced by step I. The right bile duct is tagged by a blue and the right hepatic artery by a red band. B: Situs after complete resection of the right liver lobe.Fig. 4Fig. 5Liver specimen after resection showing tumor free resection sites margin (arrow) with a minimum distance of 0.5 cm. The tumor area presented large necrosis and haemorrhage (asterisk) as well as a fibrous pseudocapsule (hashmark).Fig. 5

The patient developed bile leakage, which was treated with interventional drainage and ERC. Otherwise, the postoperative course was uneventful and the patient was discharged in good conditions on POD 14. The pathological work up demonstrates tumor free margin. Extensive sampling of the tumor bed shows broad areas of fibrosis and necrosis with haemorrhage and resorptive changes with infiltrates of foamy histiocytes. Only a few small spots of residual vital sarcoma could be detected ([Fig. 5](#fig0025){ref-type="fig"}, [Fig. 6](#fig0030){ref-type="fig"}). The therapy-induced tumor regression grade was 99 %. After recovery from surgery, chemotherapy according to the CEVAIE protocol (CWS-2014 guidance) will be resumed and a complete resection of the oligometastatic pulmonary disease is planned.Fig. 6In sclerotic areas (A, hashmark) with resorptive changes (A, asterisk) only a few small spots of residual vital tumor cells (A, arrow) with the characteristic hyaline globules are seen (B, arrow).Fig. 6

3. Discussion {#sec0015}
=============

Embryonal sarcoma is an exceptionally rare diagnosis with almost no improvement in 5-year-survival-rate over the past 40 years \[[@bib0050]\]. The higher the age at diagnosis, the lower is the 5-year-survival rate. Among the age-group of 15--29 years the 5-year survival is about 45 %. Margin-free resection is the only known chance of cure. A study of 30 patients with primary hepatic sarcoma showed a 5-year disease specific survival of 64 % if R0 resected, otherwise no 3-year survivor was documented \[[@bib0025]\].

Developed in the last decade, ALPPS offers a surgical option for patients with extensive liver lesions, bilobular liver tumors (metastasis invading or tumor masses expanding over both lobes) or a low FLR. After transection of the liver and ligation of the portal vein of the tumor-bearing liver lobe, a rapid hypertrophy of the FLR is induced \[[@bib0040]\]. Therefore, the risk of posthepatectomy liver failure is reduced. The full spectrum of treatable liver lesions is evolving still \[[@bib0010],[@bib0055], [@bib0060], [@bib0065]\]. However, an initial throwback of this procedure was the initial high rate of major complications, which could be reduced with a careful patient selection and avoiding possible risk factors \[[@bib0070], [@bib0075], [@bib0080]\].

In this case report, we present the first case of UESL treated with ALPPS. The rarity of this highly malignant disease is also based on its rapid tumor growth and early metastasis. Definitive and early diagnosis is impeded by its nonspecific symptoms, radiographic similarity to hepatic cysts and alveolar echinococcosis linked with the only available validation being histological investigation. Neoadjuvant chemotherapy to ensure possibility for oncological operation will therefore prevail, as margin-free resection is the only known real cure. With a tumor invading the right liver lobe and leaving a sFLR of 28,4 %, the spectrum of possibilities is limited. With the intraoperatively found invasion of the right and middle hepatic vein and because of a firm liver and intraoperative histological evaluation of the parenchyma we did not perform the initially planned one-staged right hemihepatectomy and changed the strategy. To reduce the risk of posthepatectomy liver failure, a complete transection of the liver and ligation of the right portal vein was performed. The aim was a rapid hypertrophy and timely completion of the resection. The risk for complications or mortality in this patient was suspected as very low. For our center it was also the first patient treated with ALPPS at this young age. A FLR growth of approximately 100 % in 9 days strengthened our concept during the course. Other options, such as portal vein embolization or ligation could have failed because of slower hypertrophy and the risk of tumor progression before liver resection. Besides, ALPPS shows a faster hypertrophy compared to standard one-staged hemihepatectomy with decreased or similar proliferation, apoptosis or angiogenesis (at least for CRLM). All under the premises having sufficient technical possibilities and surgeons experience.

In conclusion, with this case we have shown the feasibility of the ALPPS procedure in a newly faced tumor-entity. Furthermore, the importance of an intraoperative histological evaluation of the parenchyma to estimate the individual risk for liver failure can be shown in this case. Also, deciding for ALPPS intraoperatively shows to be feasible.
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